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ABSTRACT 



A magnetic reconiing medium co^^>Ii$ing: a non-magnetic 
substrate; 

a Co-based alloy magnetic layer (ML); and a non-magn^c 
Cr-based underlayer position between said magnetic layer 
and said substrate, compatibly provided with a high S/N and 
a high coercive force, and an intermediate layer (IL), fonned 
of a Co-based alloy liaving the hep stnicture. which is 
positioned between the magnetic layer and the non-magnetic 
underlayer. said intermediate layer having a ratio 
RKBsIL*IL)/(BfiML*ML), which is the product (BsIL*IL) 
of the saturation magnetic flux density (BsIL) of the Co- 
based alloy which constitutes said intermediate layer and the 
thickness (tIL) of the intCTiediate layer film to the product 
(BsML*ML) of the saturation magnetic flux density (BsML) 
of the Co-based alloy which constitutes said magnetic layer 
and the magnetic layer film thickness (tML) at 0.2 or less. 
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MAGNETIC RECORDING MEDIUM product (BsML»tML) of fee saturation magn^c flux den- 
sity (BsML) of the Co-based alloy, which constitutes the 

BACKGROUND OF THE INVENTION magnetic layer, and the magnetic layer film thickness (tML). 

. .J T ^ is 0.2 or less. 

1. Field of the InvenUon ^ 

The present invention relates to a magnetic recording BRIEF DESCRIPTION OF THE DRAWINGS 

medium and more specifically, to a longitudinal magnetic , ^ . . , 

recording medium useful for magnrtic data storage such as The accon^ymg drawings illustrate the invcntioo. In 

in hard discs, floppy disks and magnetic t^s. such drawings: 

2. Desoiption of the Background lo ™- * if \^ "^^"^ ^^^^^ the relationship of toe 

^ - ^ ^ . product Bs*tofthe saturation magnetic flux density and the 

m recent years the applicabihty of magne^c storage m g^^^^^ ^^^^ f^Hc, obtained in Embodi- 

the fonn of hard discs, floppy disks or magnetic tapes has Comparative Examples 1-^; 

been significantiy expanded, and with its increasing m«iK i 3 ano ^.oi^«^^^ , 

importance, a marked increase in recording density of mag- HG. 2 is a graph which shows the rdationship of fee 

nedc receding media has been reached whidi increases flie 15 product Bs*t of ttie saturation magnetic flux density and fee 

magnetic storLe capaaty, ^ thickness to the coercive force He, obtamed m &nbodi- 

However^withrespecttosudimagneticrecordingmedia, ments 6-19 and Comp^aJ^e Examp^ 

there is till a demand to achieve further increases in record- FIG- 3 is a graph which shows the relationship of the 

ing density and for this reason, there is a need to achieve a rcadback output and the S/ti. obtained in Embodiments 

higher coercive force (He) in tiie magnetic recording layer » 11-14 and Comparative Examples 8-11; 

and a high signal-to-noise ratio (S/N). FIG. 4 is a graph which shows the relationship of the 

OneapproachhasbcentoaddPltomagneticmaterialsfcr readback output and the half-wiAh PW50 of an isolated 

the purpose d increasing coercive force. This technique is rcadback waveform, obtamed in Embodiments 11-14 and 

known to provide a high coercive force exceeding 2000 Oe. Conq>arative Eiuaaplcs g-ll; 

For example, PI is added to Co-based materials and CoCiTa- ^ FIG. 5 is a graph which shows the relationship of the Or 

based ma rm'«?« as disclosed in Published Unexamined Japa- content of the CoCr intermediate layer to the coercive force 

ncse Patent Application No. S59-88806 and U^. Pat Na He, obtained in Embodinacnts 24-28 and Comparative 

5,024,903, respectively. Examples 9-10; 

However, while the addition of Pt is effective in raising 3Q FIG. 6 is a graph which shows the relationship of the Cr 

the comve force of the recording medium, on die odier content of the CoCr intermediate layer to the |H^oduct Bs*t 

hand, it increases the medium noise. With a magnetic of the saturation magnetic flux density and the film 

recording mMijiim having a CoPt based magnetic layer thickness, obtained in Embodiments 24-28 and Compara- 

fonned tibereon, the medium noise be(x>mes higher even in tive Examples 9-10; 

comparison to a magnetic recording medium having a 33 piG. 7 is a graph which shows the relationship of the 

magnetic layer of CoQTa having a relatively weak coerdve product Bs^t of the saturation magnetic flux density and die 

fcHce formed thereon. On the odier hand, a mefliod for film thickness to the coetdve force He obtained in Embodi- 

rcducing the medium noise is known which uses the alter- ments 29-34 and CcHnparative Exanq>les 11-15; 

nate stacking of multiple magnetic layers and non-magnetic g ^ ^^^^ relationship of the 

layers (Published Unexamined Japmese Patent implication ^ wgduct Bs*t of ttie saturation magnetic flux density and die 

Na H6- 176341 and otiicrs). However, this method tends to ^ thickness to tiic coercive force He obtained in Embodi- 

decreasc die coercive force of tiie reccffding medium ^^^^ 35.37 c<Hnparativc Examples 16-18; 

because tiie magnrtic layers are diWdcd. Thus, no effective 9 is a graph whidi shows the rthitionship of die 
t^t^. hi Product Bsn of til^saturation magnetic flux densit/and die 

rtamhngmc^^ « fiUn thickness to the coercive foS He, obtained in Embodi- 

and a lower medium noise. A need contmues to exist for such rTT^ii a c *i„ 10 'm. 



a magnetic recording mediunL 



ments 38-41 and Comparative Examples 19-22; 
FIG. 10 is a gr^h which shows die relationship of the 

SUMMARY OF THE INVENTION thickness of the CoCr intermediate layer to the coercive 

A 1 I.- ~ * *4. *^ fOTce He, obtained in Embodiments 42-45 and Comparative 

Ac«>rdmgly, one o^ of the present invention is to 50 p^.^;,^ ^ 

provide a magnetic recording medium which enables the ^1 . ^ ^ 

coercive force to be enhanced widiout a decrease in signal- FIG. U is a graph which shows the relationship of die 

to-noise ratio (s/N) thickness <rf the Cr undcrlaycr to the coercive force He, 

Briefly.dusobjectandotfiff objectsofthepresentinven- l^'^'^ in &nbodiments 46-49 and Comparative 

tion as hereinafter will become more readily apparent can be 35 Examples 24-20. 

attained by a magnetic recording medium comprising a DETAILED DESCRIFITON OF THE 

non-magnetic substrate; a Co-based alloy magnetic layer PREFERRED EMBODIMENTS 
(ML); a non-magnetic Cr-based underlayer positioned 

between said magnetic layer and said substrate; and an la Hie present invention, the non-magnetic substrate is 

intermediate layer (IL) fcxmed of a Co-based alloy having 60 usuaUy an aluminum alloy substrate vfbich is provided wiUi 

the hexagonal closest packed (hep) structure positioned a Ni-4» layer ttiereon by electrolcss plating. Alternatively, a 

between Uic magnetic layer and the non-magneUc glass substrate can be employed, but a ceramic substrate, a 

undcrlaycr, wherein the intermediate layer has a ratio carbon substrate, a Si substrate, various resin substrates and 

R=<BsIL*dL)^(BsML»tML), which is die ratio of the prod- aU other non-magnetic substrates can also possibly be used, 

uct (BsIL*tiL) oi the saturation magnetic flux density (BsIL) 65 In addition to Cr, the non-magnetic Cr-based underlayer 

of die Co-based alloy, which constitutes die intermediate framed on the non-magnetic substrate may contain one or 

layer, and the intermediate layer film diickness (tIL) to the more additional elements including Si, Ti, V, Mo, W and die 
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like in a quantity of 30 at % or less. Hie film tfaickness of The magnetic recording medium of the present invention 
this noo-magnetic underiayer is usually 100-2000 A. pref- is normally produced by successively forming the 
erably 200-2000 A. In the event the thickness of the underiayer, the intennediate layer and the magnetic layer on 
underiayer is less than 100 A, the recording medium exfaihils the non-magnetic substrate. Rreferahly. the successive stack- 
a great decrease in coercive force. S ing <rf the layers and layer deposition are conducted without 

The Co-based alloy intermediate layer famed on the exposure of the layers to the air by use of a vacuum 
underiayer has the hep crystal structure, and has the feature throughout the whole process. 

of a non-magn^c or feeble magn^ic intermediate layer in Incidentally, in order to conduct film deposition, either a 
which the ratio (R) of the product (BsIL*tIL) of the satu- DC or RF magnetron spattering process may be employed 
ration magnetic flux density (BsIL) of tiie Co-based alloy, lO The sputter conditions in film dqwsition arc not especially 
which constitutes the interrncdiate layer, and the intermedi- restricted, and the Was voltage, substrate tenq>erature, sput- 
ate layer film thickness (tIL) to the pfoduct(BsML*tML) of tcr gas pressure, background pressure and the like are 
die saturation magnetic flux density (BsML) of the Co-based app^opnatcly determined by the selection of the sputter 
alloy, which constitutes the magnetic layer, and flie magnetic materials. Normally, at a bias voltage (absolute value) of 
layer film fliickncss (tML) is 0^ or less. That is, the 13 5(V"500V for film deposition, the substrate temperature 
following equation should be satisfied: should range from room temperature to 300" C, the sputter 

gas pressure should range from 1x10^^ to 20x10"^ Torr and 
the background pressure should be 1x10^ Torr. 
iHBMML*aLy(BdL^L)c=02 (I) ^ magnetic recording medium of the present invention 

The product Bs*t of the saturation nugnetic flux density 20 may have a stacked structure having similar intermediate 
(Bs) and the film thickness (t) denotes the saturation mag- and magnetic layers further provided on tiie Co-based alloy 
netizing quantity of a magnetic layer per unit area. Hie value magnetic layer, as long as the requirement for the above 
of Bs*t of the intermediate layer according to the present combination of the intermediate and Co-based alloy mag- 
invention (BsIL*tIL) should be 20% or less, preferaUy 10% netic layer is satisfied. 

or less, more preferably 0 of the value of Bs*t of the 25 Thatis^afeatureof the magnetic recording medium of the 
Co-based alloy magnetic layer (BsML*tML). If the ratio (R) present invention is flie positioning of the Co-based alloy 
exceeds 0.2, deterioration of magnetic characteristics, such non-magnetic (or feebly magnetic) intermediate layer 
as a decrease in coercive force occurs. between the top magnetic layer or the recording layer and 

The provision of the intermediate layer in the structure of the Cr-based underiayer. For exair^de, an embodiment of die 
die present recording medium is directed to improving die 30 magnetic receding medium is one in which a metal coat 
cbaractcrisdcs of the initial growth layer of the Co-based layer is provided between the non-magnedc subsd:ate and 
alloy magnetic layer and accordingly the intenoediate layer die underiayer, and where die magnetic layer comprises a 
itself is preferably not magnetic. By setting the saturation stacked structure of two <x more Co-based alloy layers, 
magnetic flux density of the intermediate layer to such a wherein a non-magnedc intermediate layer is iHovided and 
snudl value as to satisfy die Eq. (I), above all 0 Gauss (IM)), 35 stacked on die magnetic layer, or wherein a carbonaceous 
die magnetic influence of die intermediate layer on the protection layer and/or luhricatiiig layer, made of the usual 
magnetic recording medium can be oon:^)letely eliminated. lubricant, or like layer is formed on the magnetic layer. 

Suitable materials fix the Co-based intermediate layer in An important feature of die invention is diat by using a 
die present invention Includes alloys of at least one element non-magnetic or feebly magnetic intermediate Co-based 
selected from die group of Cr, Ta, Ti, W, V, Mo and Si widi 40 alloy layer having the hep structure under die magnetic 
Co. The content of diese elements M in the intermediate layer, the magnetic Influence attributable to the intermediate 
layer material may be qjpropriateiy chosen and is not layer is conqiletely eliminated or markedly minimized 
restricted at all, but ncsmaily is on the order of 20-50 at %. Moreover, die characteristics of die initial growdi of die 
In addition, a part of die Co content can be another magnetic Co-based alloy magnetic layer, as die reccmling layer, can be 
dement sudi as Ni The intermediate layer is preferably 45 effectively improved, thereby greatiy improving the coer- 
tton-magnctic. For waapLc^ for a Co--Cr intermediate dve force and recording performance of die recording 
layer, preferably a zero saturation magnetic flux density is medium. 

implemented. It has the hep crystal structure and has a Cr Having generally described this invention, a further 

content of 34^5 at._%, . , _ _ understanding can be obtained by reference to certain spc- 

Unless theperfonnance characteristics of the intermediate so cific exanqiles which ast^provided herein fcv' ptnposes of 
layer are adversely affected, a several % or less amount of illustration only and are not intended to be limiting unless 
other elements such as Ge, C^, Zn, nitrogen, oxygen and otherwise spedfied 

hydrogen, may also be present in the alloy of the interme- In the present invention, tbc values of remanencc mag- 
diate layer. netic flux density (Br), saturation magnetic flux density (Bs) 

Futdiermore, in order to adjust the lattice constant widi 55 and Cocrdve force (He) were calculated on the basis of an 
that of Co-based alloy magnetic layer, other elements can be MH loop (hysteresis loop) measured with a VSM (Vibration 
induded in the intermediate layer. Saiiq)le "Magnetometer^ BSM-3S made by Toei Kogyo 

Inddentally, die film thickness of such an intcnnediate K.K.). 
layer is 10-1000 A, preferably 50-500 A. The cooditions f<x measurement are as follows: 

Suitable Co-based alloys of die Co-based alloy magnetic 60 Maximum ^lied magnetic fidd SOQO (Oe) 
layer which is focmed on the intermediate layer indude Sample size (lengthxwidth) 
CoCr, CoNiQ, CoPt and the like alloys. Further, diese alloys 8 mmx8 mm 

may contain such dements as Ni, Or, Pt,Ta aixl B. ft e f erred Analysis of the composition of the magnetic layers was 
Co-based alloys of the Co-based alloy magnetic layer are carried out with fluorescent x-ray analysis. 
CoOiT^ alloy, CoNiCrBTa alloy and (joPtOtTa alloy. The 65 As shown in Tabics 1-1 and 1-2 infra, die embodinwnts 
magnetic lay^ is not especially limited in thickness, but and Comparative Examples were tested under various con- 
nocmally is of a thickness of 100-SOO A. ditions. 
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Embodiments 1-19 and Comparative Examines 1-4 
[Embodiments 1-5] 

On the surface of an aluminum alloy disk substrate having 
a 25 mm inside diameter and a 95 mm outside diameter, a 
non-magnetic Ni — P layer was formed at a thickness of 25 
pm by electroless plating. The surface was finished to an Ra 
(center line average roughness) of 20-30 A by miiTGr 
surface grinding. 

After mounting diis substrate in a RF (13.56 MHz) 
magnetron sputtering system and evacuating the daamber to 
3x10^ Toir, the substrate tcnapcraturc was elevated up to 
250^* C. and a Or undcrlayer having a thickness of approxi- 
mately 600 A was formed, while applying a bias voltage of 
DC-IOOV to the substrate under an argon partial pressure of 
5x10"^ Tocr. 

Then, by fonning a magnetic film comprising 80 at % of 
Co, 14 at % <^ Cr and 6 at % of Ta, having a thickness of 
150-400 A after forming a CoCr film combing 63 at % 
of Co and 37 at. % of Q as the intermediate layer at a 
thickness 100 A, samples exhibiting a Br*t (the product 
of remanenoe magnetic flux density and film thickness), 
ranging from 60 to 180 gauss'pm were prepared 
(Embodiments 1-5). 

Incidentally, a CoCr film comprising 63 at % of Co and 
37 at % of Cr as the intermediate layer, is a non-magnetic 
substance which exhibits a Bs value of 0 Gauss and has the 
hep structure. 

The relationship between B$*t and He of the obtained 
sanq}les is shown in FIG. 1. 
[Embodiments 6-9] 

Except for using a CoCr film conqxising 62 at % of Co, 
37 at % of Cr and 1 at % of Tei as the intermediate layer, 
samples were prepared in the same manner as descrit>ed for 
Embodiments 1-5. 

The relationship between Bs*t and He d the obtained 
samples is shown in FIG. Z 
[Embodiments 10-14] 

Except for using a C2oCr film comprising 60.5 at. % of Co, 
36 at. % of Cr and 3.5 at % of Ti as the intermediate layer, 
samples were prepared in the same manner as described for 
Embodiments 1-5. 

The relationshq) between Bs*t and He of the obtained 
sanq>les is shown in FIG. 2. 
[Embodiments 15-19] 

Except for using a CoCr film conqirising 59.5 at. % of Co, 
36 at % of Cr and 4.5 at % <^ V as the intermediate layer, 
samples were prepared in the same manner as described for 
Embodiments 1-5. 

The relationship b^een B5*t and He the obtained 
san^les is shown in FIG. 2. 
[Comparative Examples 1-4] 

Except for film deposition without having a CoO inter- 
mediate layer provided, samples were pffqjared under con- 
ditions similar to those of Embodiments 1-5. The relation- 
ship between Bs*t and He of the obtained sanqiles is shown 
in FIG. 1. 

As can be clearly observed from the data in l^le 1-1 and 
HGS. 1 and 2, He rises by 400-SOO Oe because erf the 
formation d the Co-based alloy intermediate layer. 
Embodiments 20-23 and Comparative Examples 5-8. 

Hie magnetic recording media of these embodiments 
were prepared in the same manner as described in Embodi- 
ments 1-5 and Coiiq>arativc Examples 1-4 above. Further, 
a 150 A thick C (carbon) prelection film was fcffmed on each 
magnetic layer by the sputtering process and a fluoride 
lubricant layer was ^lied thereon in each case at a thick- 
ness of 30 A. For each of the magnetic recording media 
obtained, recording performance was measured. 
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Incidentally, measurements of recording perfc^mance 
were earned out using an MR (magnetorcsistive) bead for 
hard disk. The specifications and measurement conditions of 
the head which was used are shown as follows: 



5 



10 



Head flyiiig beif^hl 


750 A 


Reoordiog gsp IcQgtb 


0.78 Mm 


PUyback shiekl width 


0.22 Mxn 


PUybttck twk width 


4.21 pan 


Disk rotatkm nmnhftr 


3,600 ipm 


Measuted diamrfrr 


23 mm 


Recofd frequency 


20.1 MHz 



Table 2 infra shows the measured results of recording 
performance. RGS. 3 and 4 show the relationship of the 
readback output to the S/N of magnetic recording media and 
that of the readback ou^t and the half-width (PW50) of 
isolated readback waveforms, respectively. 

From Table 2 and FIGS. 3 and 4, it is found that a 
magnetic recording medium inovided with a CoCr'interme- 
^ diate layer is superior with respect to S/N and resolving 
power in comparison to other intermediate layer alloys. 
Embodiments 24-28 and Conq>arative Examples 9-10 
[&nbodiments 24-28] 

Except for varying the Cr content of the CoCr intcrme- 
25 diate layer from approximately 29 at % to 44 at samples 
were prepared in the same manner as described in Embodi- 
ments 1-5. 

[Con^iarative Exan^le 9] 
Except for setting the Ci content of the CoCr intermediate 

30 layer to 24 at samples were prepared in the same manner 
as described in Embodiments 1-5. 
[Comparative Example 10] 

Except for siting the Cr content the CoCr intermediate 
layer to 24 at. %, sanq>les were prqiared in the same manner 

35 as described in Eihbodiments 1-5. 

Incidentally, with all these exanq)les, excq>t for Com- 
parative Exan^e 10, any Co-based alloy intermediate layer 
used has the hq) structure and the Bs (ML) of Co(80)Cr 
(14)1^(6) was 5,500 (Gauss). 

40 Regarding the san4>les obtained in Embodiments 24-28 
and conq)arative Examples 9 and 10, the relationship of the 
Cc content of the CoCr intermediate layer to the coercive 
force He of the layer and the relationsh4> of the Cr content 
of the CoCr intermediate layer to the product Bs*t oi its 

45 saturation magnetic flux density and its film thickness, are 
shown in FIGS. 5 and 6, respectively. 

As clearly can be observed from Table 1 and FIGS. 5 and 
6, a marked increase in coercive fom He is obtained for the 
hep structure and for the range of Bs*t (MLyBs*t (IL) less 

50 than 0.200, in particular less than 0.015. 

In addition, with CoCr alloys, this condition corresponds 
to the range of Cr content from 27 to 52 at % and, therefcH-e, 
it is to be understood that a marked effect is obtained 
especially in the range of a Cr content from 34 to 47 at %. 

55 Note that only in Comparative Example 6, the CoCr 
intcnnediate layer has no hep structure. Such a structure is 
evidently important in the CoQ- intermediate layer alloy of 
the present inventioiL 
Furthermore, as is evident frx>mTable 1-1 and considering 

60 that the CoCr intermediate layer is non-magnetic (Bs=0), 
especially in Embodiments 27 and 28 which exhibit a hi£^ 
coercive force, it is desired that the intermediate layer be 
non-magnetic. 

Embodiments 29-34 and Comparative Examples 11-5 
65 Changing the CoCrPt magnetic layer for a CoCrPt mag- 
netic layer comprising 70 at. % of Co, 21 at % of Cr and 9 
at % of Pt and using the {separative conditions of Embodi- 
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ments 1-5, samples of Embodiments 29-34 were pccpaicd 
under similar conditions. 

Except for the film d^>ositi(» step without having the 
CoCr intermediate layer provided, san^lcs were prqared 
under exactly the same conditions as described above 
(Conq>arative Examples 11-15). 

The composition, cocrdvc force and prqjarative condi- 
tions of eadx sample and the relationship of the coercive 
fcace He to Bs*t are shown in Table 1 and FIG. 7, respec- 
tively. 

From Table 1-1 and FIG. 7, it is evident that the effect 
attributable to the Co-based aUoy intermediate layer is 
obtained even if the magnetic layer does not contain Ta. 
Embodiments 35-37 and Conq>arative Examples 16-18. 

Upon exchanging the RF guttering process with tiie DC 
sputtering process and the CoCiTa magnetic layer with a 
CoNiCrBTa xnagnetic layer comprising 56.5 at. % of Co« 30 
at. % o Ni. 7J at % of Cr, 3 at % of B and 3 at % crfTa 
and further modifying the bias voltage from -lOOV to 
-500V, and the thickness of die CoOr inteimediate layer 
from 100 A to 50 A in the prqwativc conditions 
Embodiments 1-5, saiiq>les of Embodiments 35-37 were 
prq>ared in a similar fashion. 

Excq>t for film dq>osition without having the CoCr 
intermediate layer provided, sanq>lcs were prq>ared under 
exactly the same conditions as described above 
(Comparative Examples 16-18). 

The composition, coercive force and pTq>arative condi- 
tions of each sample and the relationship of the coocive 
fc^ HC to Bs*t are shown in Table 1-2 and FIG. ^ 
respectively. 

Prom Table 1-2 and FIG. 8, it is evident that the effect 
attributable to the Co-based alloy intermediate layer is 
obtained even if the guttering jaxx^s, bias voltage and 
magnetic layer are modified in type. 
Embodiments 38-41 and Conq>arative Examples 19-22. 

UpcHi exchanging the RF sputtering process with the DC 
sputtering process and the CoCkTa magnetic layer with a 
CoGrFU^ magnetic layer comprising 80 at % of Co, 12 at 
% of Or, 6 at %of Ptand 2 at % ofTa and further modifying 
the bias voltage from -lOOV to -300V, the tiiidcness of the 
Cr underiayer from 600 A to 850 A and the tiiickness of the 
CoCr intermediate layer from 100 A to 170 A in the 
prqurative conditions of Embodiments 1-5, samples of 
Embodiments 38-41 wore prqrared in a similar fashion. 

Except for film dq>osition without having the CoQ 
intermediate layer provided, samples were prepared under 
exactly the same conditions as described above 
(Conq>arative Examples 19-22). 
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The composition, characteristics and preparative condi- 
tions of eadi sample and the relationship of the coercive 
force He to Bs*t of each magnetic recording medium 
obtained are shown in Table 1-2 and FIG. 9, respectively. 

From Table 1-2 and FIG. 9, it is evident that the effect 
attributable to the present invention is obtained also in a 
Co-based alloy magnetic layer containing PL 
Embodiments 42-45 and Conq>arative Example 23. 

Upon exchanging the magnetic layer with a 250 A thick 
magnetic layer conqxrising 78 at % of Co, 17 at 9& of Cr and 
5 at. % of Ta in the prq>arative conditions of Embodiments 
1-5, the san^les of (Embodiments 4245) of the interme- 
diate layer having a tiiickness varying from 50 to 500 A were 
prqMued in a similar fashion. 

Except for film deposition without having die CoCr 
intomediate layer provided, samples were prq>arcd under 
exactly the same conditions as described above 
(Comparative Example 23). 
The con^sition, diaracteristics and prquurative condi- 
20 tions of each sample and the relationship of the coercive 
force He to Bs*t of each magnetic reocnding medium 
obtained are shown in Table 1-2 and FIG. 10, req)cctivcly. 

From Table 1-2 and FIG. 10, it can be understood tiiat the 
coercive force tends to decrease with increasing thickness of 
23 the intermediate layer and it is considered a^^opriate that 
the thickness of the intermediate layer be 500 A cr less. 
Embodiments 46^9 and Con:9>arative Examples 24-26. 

Setting the thickness of the CoCr intennediate layer to 
100 A in the prqwative conditions of Embodiments 42-45, 
30 samples of (Embodiments 46-49), with the thickness of the 
Or underiayer varying from 100 to 600 A, were jn^pared in 
a jgimflflr fashion. 

Except for film deposition witiiout having die CoCr 
intennediate layer provided, sanq>les were prq>arcd under 
3S exactly the same conditions as described above 
(Conqkarative Examples 24-26). 

The composition, characteristics and preparative condi- 
tions of each sanqile and the relationship of the coercive 
force He to Bs*t of eadi magnetic recording medium 
40 obtained are shown in l^le 1-2 and FIG. 11, respectively, 
PromT^hle 1-2 and FIG. 11, it can be understood that the 
coercive fence tends to decrease with increasing thickness of 
the intermediate layer and it is believed appxjpriate that the 
tiiickness of the intermediate layer is 1000 A or less. 

As dcscrit)ed above, according to the present invention, a 
magnetic recording medium exhibiting a markedly hi^ 
coercive force and excellent recording perf cnnance in oonft- 
parison to conventional magnetic recording media., and 
highly suitable fcx" a high density recording is provided. 
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TABLE 1-1 



























Hiick- 
oevof 








Brt 


Bst 






Bfit 


Bs -t 








Cr 






Tlack- 


(ML) 


(ML) 








(ML) 








Under 






Deaa 

(A) 


(O- 


(G- 




ness 

(A) 


(0- 


/Bat 


He 


Sputter 


Bias 






Magnetic Layer (ML) 




van) 


Laya (IL) 


Mm) 


(IL) 


(Oe) 


Method 


V 


■37 


EXl 


Co(80)Ci<14yft(6) 


150 


63 


71 


Co(63>Cr(37) 


100 


0 


0 


2100 


HF 


-100 


600 


EX2 


Co<80)Cr(14)rft(«) 


230 


101 


112 


C5o(63>Ci(37) 


100 


0 


0 


2375 


HF 


-100 


600 


EX3 


Co(80)Cr(14)'ft(€) 


250 


107 


118 


Co(63)Cr(37) 


100 


0 


0 


2475 


HF 


-too 


600 


EX4 


Co(80)Cr(I4yik(€) 


300 


141 


157 


Oo(63)Ci(37) 


100 


0 


0 


2338 


HF 


-100 


600 


EX5 


Ce(80)Ci(14yih(6) 


400 


172 


179 


Co(63)Cr07) 


100 


0 


0 


2175 


HF 


-100 


600 


EX6 


Co(80)Cr(14W«) 


300 


115 


134 


Co(62X:r(37yft(l) 


100 


0 


0 


2530 


HF 


-100 


600 


EXT 


Co(80)Ci<14Tft(6) 


230 


89 


107 


Co(62)Ci(37Wl) 


100 


0 


0 


2560 


HF 


-100 


600 


EX8 


Co(80)Cr(14]rn(6) 


400 


ISO 


172 


Co(62XX37yn(l) 


100 


0 


0 


2440 


HF 


-100 


600 


EX9 


Co(aO)Ci<14)nb(6) 


200 


71 


88 


Co(62)Ci(37)Tm) 


100 


0 


0 


2510 


HF 


-100 


600 


EX 10 


Co(80)Cr(14)'ft(6) 


300 


102 


124 


Co(60^)Ci<36)'IU3-5> 


100 


0 


0 


2570 


HF 


-100 


600 
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Magnetic Layer (ML) 



Thick' 

DCSS 


^ • t 
(ML) 


Bs ■ t 
(ML) 
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jnn) 




Hack- 
(S 


Bs • t 

(O • 

^rni) 


Bs • t 

/Bs • t 
(IL) 


He 
(Oe) 


Sputter 
Metlxxl 


Bias 
V 


Tliick- 
Des8 of 

Cr 
Under 
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ih 


400 


147 


L84 


Co(60J)Ci<36yn(3.5) 


100 


0 


0 


2320 


HF 


-100 


600 


350 


126 


158 


Co(60^)Ci(36]rri(3.5) 


100 


0 


0 


2520 


HP 


-100 


600 


250 


88 


113 


Co(60^)Cr^]m<3^) 


100 


0 


0 


2560 


HF 


-100 


600 


200 


74 


94 


Co(60.5)Cr(36)n(3.5) 


100 


0 


0 


2510 


HF 


-100 


600 


300 


108 


135 


Co(59J)Q(36)V(4.5) 


100 


0 


0 


2530 


HF 


-100 


600 


400 


161 


192 


Co(59J)CW36)V(4.5) 


100 


0 


0 


2350 


HF 


-100 


600 


350 


120 


145 


Co(59JX^)V(4.5) 


100 


0 


0 


2470 


HF 


-100 


600 


250 


94 


112 


Co(59^)CK36)V(4.5) 


100 


0 


0 


2440 


HF 


-100 


600 


200 


73 


87 


Co(59^)Ci(36)V(4.5) 


100 


0 


0 


2420 


HF 


-100 


600 


150 


62 


68 




0 






1725 


HF 


-100 


600 


200 


79 


84 




0 






1850 


HF 


-100 


600 


260 


108 


120 




0 






1950 


HF 


-100 


600 


400 


152 


177 




0 






1663 


HF 


-lOO 


600 


260 


129 


147 




100 


24 


0.168 


2050 


HF 


-100 


600 


260 


112 


124 


Co(67)Q(33) 


100 


6 


0j042 


2230 


HF 


-100 


600 


260 


125 


143 


Co(65)Cr(35) 


100 


2 


OJ014 


2370 


HF 


-100 


600 


260 


112 


130 


Co(63)Qr(37) 


100 


0 


0 


2380 


HF 


-100 


600 


260 


100 


130 


Co(56)Q(44) 


100 


0 


0 


2340 


HF 


-100 


600 


260 


120 


133 


Co(76)Q(24) 


100 


31 


0.217 


1690 


UP 


-100 


600 


260 


98 


138 


Co(46)Ot(54) 


100 


0 


0 


1880 


HF 


-100 


600 


400 


172 


207 


Co(63)Ci<37) 


100 


0 


0 


2410 


HF 


-100 


600 


300 


136 


162 


Co(63)Cr(37) 


100 


0 


0 


2640 


HF 


-100 


600 


350 


155 


194 


Co(63)Ct(37) 


100 


0 


0 


2500 


HF 


-too 


600 


250 


117 


139 


Co(63)Cr(37) 


100 


0 


0 


2730 


HF 


-100 


600 


160 


81 


95 


Co(63)Cr(37) 


100 


0 


0 


2570 


HF 


-100 


600 


225 


98 


113 


Co(63)Ci(37) 


100 


0 


0 


2730 


HF 


-100 


600 


200 


75 


90 


0 






2120 


HF 


-100 


600 


250 


107 


126 




0 






2180 


HP 


-100 


600 


350 


143 


181 




0 






2180 


HF 


-100 


600 


400 


159 


199 




0 






2110 


HF 


-100 


600 


300 


126 


156 




0 






2160 


HF 


-100 


600 



EX 11 
EX 12 
EX 13 
EX 14 
EX 15 
EX 16 
EX 17 
EX 18 
EX 19 
CEXl 
CEX2 
CEX3 
CEX4 
EX 24 
EX 25 
EX 26 
EX 27 
EX 28 
CEX9 
CEX 10 
EX 29 
EX 30 
EX 31 
EX 32 
EX 33 
EX 34 
CEX 11 
CEX 12 
CEX 13 
CEX 14 
CEX 15 



Co(80)Cr(14)TK6) 
Co(80)Cr(14)Ta(6) 
Co(80)Cr(14)'I^6) 
Co(80)Cr(14)TK6) 
00(80X^14)1^6) 
Co(80)Cr(I4)1i(6) 
Co(80)Cr(14)'n(6) 
Co(80)Cr(14)'R(6) 
€0(80)01(14)1^(6) 
Co(80)Cr(14)Ta(6) 
Co(80X:i(14)Tk(6) 
Co(80)Cr<14)Ta(6) 
Co(80)Cr(14)Ta(6) 
Co(80)Cr(14)'a(6) 
Co(80)Cj(14)Ta(6) 
Co(80)Cr(l4)Ta(6) 
Co(80XXl4)'ni(6) 
Co(80)Ci(14)'R(6) 
Co(80)Cr(l4yi^6) 
Co(80)Cr(14)'IM6) 
Co(70)Cr(21)Pt(9) 
CoC70)Cr(2i)Pt(9) 
CoC70)Cr(21)Pt(9) 
CoC70)Cr(21)Pt<9) 
Co(70X^l)Pt(9) 
Co(70)Ci(2l)Pt(9) 
Coa0)Cr<21)Pt(9) 
Co(70)a<21)PK9) 
Co(70)Q<21)Pt(9) 
CoaO)Ci<2l)Pt(9) 
CoC70)Cr(21>Pl(9) 
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DCSS 

(A) 
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/Ba • t 


He 


Sputter 


Btaa 






Majoetic Layer (ML) 


(A) 


Mm) 


Mm) 


Layer (IL) 


Mm) 


(IL) 


(Oe) 


Method 


V 




EX 35 


Oo(563)Ni(30)Q(7J)B(3)1l<3) 


20O 


113 


136 


Q<63)Ci<37) 


50 


0 


0 


2738 


DC 


-500 


600 


EX 36 


Co(56J)iri(30)Gr<7^)B(3)'nB(3) 


300 


190 


305 


Cb(63)Cr(37) 


50 


0 


0 


2525 


DC 


-500 


600 


EX 37 


Co(56J)Ni(30)Cr(7J)B(3)Ta(3) 


500 


300 


345 


Co(63)Cr(37) 


50 


0 


0 


2138 


DC 


-500 


600 


CEX 16 


Co(56.5)Ki(30XX?^)B(3)'ft(3) 


aoo 


112 


130 




0 






2288 


DC 


-500 


600 


CEX 17 


Co(56.5)Ni(30)Cr(73)B(3)'R(3) 


300 


186 


216 




0 






2238 


DC 


-500 


600 


CEX 18 


Co(56J)Ni(30)Cr(7.5)B(3)Th(3) 


500 


294 


313 




0 






1875 


DC 


-500 


600 


EX 38 


Co(80)Ci(l2)Pt<6W2) 


200 


121 


127 


Oo(63)Cr(37) 


170 


0 


0 


3207 


DC 


-300 


850 


EX 39 


Co(80)Ci<12)Pt<6TIb(2) 


330 


206 


217 


Co(63)Ct(37) 


170 


0 


0 


2976 


DC 


-300 


850 


EX 40 


Co(80)Cr(12)Pl(6yth(2) 


460 


310 


326 


Co(63)Cr(37) 


170 


0 


0 


2637 


DC 


-300 


850 


EX 41 


Co<80)Cr(12)Pt(6yTb(2) 


710 


516 


543 


Co(63)Cr(37) 


170 


0 


0 


2230 


DC 


-300 


850 


CSX 19 


Co<80)CiCi2)Pt(6)'ft(2) 


200 


108 


120 




0 






2469 


DC 


-300 


850 


CEX 20 


Co(80)Ci<12^6)fni(2) 


330 


214 


238 




0 






2411 


DC 


-300 


850 


CEX 21 


Co(80)CK12)Pt(6W2) 


460 


300 


333 




0 






2220 


DC 


-300 


850 


CXX22 


Co(80)Ct<12)Pt(6W2) 


710 


526 


584 




0 






1903 


DC 


-300 


850 


EX 42 


Co<78)Ci(17yih(5) 


250 


117 


134 


Oo(63)Cr(37) 


50 


0 


0 


2290 


HF 


-100 


600 


EX 43 


Co<78)Ci(i7yita(5) 


250 


92 


131 


Co(63)Ci(37) 


100 


0 


0 


2240 


HF 


-100 


600 


EX 44 


Co(78)CT(17yni(5) 


250 


91 


130 


00(63)0(37) 


300 


0 


0 


2210 


HF 


-100 


600 


EX 45 


Co(78)Cr(17yni(5) 


250 


94 


118 


Co(63)Cr(37) 


500 


0 


0 


2160 


HF 


-100 


600 


CEX 23 


Co(78)Cr(17)'ft(5) 


250 


87 


112 




0 


0 


0 


1940 


HF 


-100 


600 


EX 46 


Co(78)Cr(l7yft(5) 


250 


91 


130 


Oo(63)Ci(37) 


100 


0 


0 


1580 


HF 


-100 


100 


EX 47 


Co(78)Cr(17]nH5) 


250 


88 


114 


Co(63)Cr(37) 


100 


0 


0 


2030 


HF 


-100 


200 


EX 48 


Co(78)Cr(17yn<5) 


250 


95 


112 


Oo(63)Cr(37) 


100 


0 


0 


2240 


HF 


-100 


300 


EX 49 


Co(78)Cr(17)'n(5) 


250 


92 


131 


Co(63)Cr(37) 


100 


0 


0 


2240 


HP 


-100 


600 
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TABLE 1-2-coDtuiued 
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(O. 
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Intcnuodtttc 
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(A) 
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He 
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Bias 




KUsnetie Layer (ML) 


jnn) 


urn) 


Layer (IL) 


Mm) 


(IL) 


(Oe) 


MetlKxl 


V 




CEX24 Oo(78>Cr(17)'R(5) 


2S0 


89 


111 










1800 


HP 


-100 


100 


CEX25 Cb(78)Cr(17)'n<5) 


250 


89 


111 










1930 


HP 


-100 


300 


CEX26 C3o(78)Cr(I7)'n<5) 


250 


87 


112 










1940 


HP 


-100 


600 



TABLE 2 



Br • t Bi • ( Bs • t 

Hiick- (ML) (ML) lluck- (IL) 

Mignetic dbss (O • (O • lotermediate ness (O • 

Layer (ML) (A) m) m) Uyer (IL) (A) »m) 



EX 20 


CD(80)Ci(14)n<6) 


150 


63 


71 


Co(63XM37) 


100 


0 


EX 21 


CD(80)Cr<14XI^6) 


280 


118 


119 


Co(63)CM37) 


100 


0 


EX 22 


Oo(80)Cf(I4yiK6) 


230 


107 


118 


Co(63)Cr(37) 


100 


0 


EX 23 


Co(80)Ci(14yR<6) 


300 


141 


157 


Co(63)Cr(37) 


100 


0 


CEX5 


Oo(80)Ci(I4yft(6) 


150 


62 


68 




0 




CEX6 


Co(80)Ci(14)Tta(6) 


230 


97 


U4 




0 




CEX7 


Co(80)Cf(14W6) 


350 


123 


143 




0 




CEX8 


Co(80)Ci(14yiX6) 


400 


152 


177 




0 





TUckneos 
ofCr 

Bs - 1 (ML) H c Sputter Bias Undertayer Output S/S PW50 

/Bs'tOL) (Oe) Meftod (V) (A) (jiV) (dB) (naec) 



EX 20 


0 


2100 


HF 


-100 


600 


458 


33 


80 


EX 21 


0 


2325 


HP 


-100 


600 


669 


32 


85 


EX 22 


0 


2475 


HF 


-100 


600 


746 


32 


86 


EX 23 


0 


2338 


HF 


-100 


600 


901 


31 


94 


CEX5 




1725 


HF 


-100 


600 


338 


31 


82 


CEX6 




1900 


HF 


-100 


600 


590 


31 


85 


CaBX7 




1663 


HF 


-100 


600 


720 


30 


89 


CEX8 




1663 


HF 


-100 


600 


820 


29 


97 



Obviously, additional modifications and variations of the 
present invention arc possible in lig^t of tbc above teach- 
ings. It is, tfaerefi^, to be undcntood that within the scope 
of tte i^jpeaded cLaims, the invention may be practiced 
otherwise than as spedficaliy described herein. 

What is claimed as new and is desired to be secured by 
Letters Patent of die United States is: 

1. A magnetic reconling mediuni, con]|xri^^ 
a non-magnedc substrate; 

a Co alloy magnetic layer; 

a non-magnetic Or alloy undcrlaycr positioned between 
said magnetic layer and said substrate; and 

an intermediate layer formed of a Co alloy having a hep 
structure positioned between said magnetic layer and 
said non-magnetic underlayer without intervening 
layers, wherein 

the ratio RKBsIL*tIL)/(BsML*tML)<0.2, wherein 
(BsIL*tIL) is the product of the saturation magnetic 
flux density of the Co alloy, which constitutes the 
intermediate layer and the intermediate layer film 
thickness, and (BsML*tML) is the product of the 
saturation magnetic flux density of die Co alloy which 
constitutes the magnetic layer and the magnetic layer 
film thickness. 

2. The magnetic recoiling medium as set forth in claim 1, 
whcxein 



said intermediate layer is a Co— M alloy thin film layer, 
where M is one or more elements selected from the 
group consisting of Cr, H, W, V, Mo and Si. 
45 3. The magn^ recording medium as set f<Kth in daim 2, 
wherein M is Q and the Cr content is 27-52 at %, 

4. The magn^ recording medium as set forth in daim 1, 
wherein 

die thicbiess of said intermediate layer is lO-lCKX) A. 
50 5. Hie magnc^c recording medium as set forth in daim 1, 
wherein, 

the thickness of said non-magnetic underlayer is 
100-1000 A. 

6. The magnetic receding medium as set forth in daim 1, 
55 wherein 

said non-magnetic underlayer, said intermediate Layer and 
said magnetic layer are successivdy stacked and 
formed as films in a vacuum without pcimittiiig expo- 
sure of the layers to the air. 
60 7. The magnetic reovding medium as set forth in daim 1, 
wherein 

said Co alloy magnetic layer is a Co&, CoNiGr CoPt 

alloy magnetic layer. 
8. The magnetic recording medium as set forth in daim L 
65 further comprising a metal coat layer positioned between 
said non-magnetic substrate and said non-magnetic under- 
layer. 
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9. The magnetic recottUng medium as set f(»th in claim 1^ 
wherein 

said magnetic layer has a multi-layer structure. 

10. The magnetic recording medium as set forth in daim 
1, further comprising a carbonaceous protection layer on 
said magnetic layer. 

11. The magnetic recording medium as set forth in datm 
1. wherein the non-magnetic substrate is an aluminum alloy 
provided with a Ni — ^Player, a glass substrate, a Si substrate 
or a resin substrate. 



14 



IZ The magnetic recording medium as set forth in daim 
1, wheiein the tiiidmess of fte magnetic layer ranges from 
KKMOOA. 

13. Iht magnetic recording medium as s^ forth in daim 
1. further cono^insing a fluorine lubricating layer on said 
magnetic layer. 

14. The magnetic recording medium as set forth in claim 
1, further comprising a carbonaceous protection layer and a 
fluorine lubricating laya on said magnetic layer. 
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